I. INTRODUCTION
The spherical harmonic (SH) method for solving the BTE represents a new middle option for device simulation which gives more information than the Hydrodynamic model and is more efficient than the Monte Carlo appraoch. It can provide the momentum distribution function for spherical band models [1, 2] , and is free from statistical noise. It has been shown to agree with Monte Carlo simulations which employ the same transport model [3, 4, 5] , while requiring a minute fraction of the CPU time to evaluate. It has been used as a post-processor for 2-D MOSFET simulation [6, 7] . In addition, the approach has been generalized in 1-D and 2-D to include an arbitrary number of spherical harmonics [7, 8] .
In this paper we extend the SH approach by self-consistently solving the To solve the Poisson equation, we first discretize with finite differences, and then directly solve using sparse matrix algebra.
To solve the Hole-Current Continuity Equation, we first transform it into self-adjoint form using Slotboom variables. We then apply the Scharfetter-Gummel discretization to the transformed equation. The resulting diagonally dominant system is then scaled, and solved iteratively using the fixed point approach [9] .
Boltzmann Transport Equation
To solve the BTE, we begin with the generalized SH technique [7] . It was shown in [7] , that by substituting the It is interesting to note that each equation has an identical form, the system can therefore be automatically generated to arbitrarily high order and then be solved numerically. ally not practical to solve such a large system directly with sparse matrix solvers. Instead, we use an iterative technique, which minimizes memory usage and facilitates fairly rapid evaluation of the 3-D system. While the aforementioned Gummel scheme appears straight forward, actual implementation is particularly complicated because our domain is curvelinear. The lower and upper H-space domain boundaries of the BTE-Poisson system are the curved surfaces H =-q(x,y) and H e-q(x,y), respectively. These surfaces can vary very rapidly, especially in the drain region. Since the potential is updated at every Gummel iteration, these surfaces, and therefore the simulation domain, change at each Gummel step. To help demonstrate the accuracy of the method, we plot various moments the distribution function, and show the results have the same qualitative features as other 2-D device models and/or experiment. Fig. 4 shows the electron concentration, which is obtained by integrating the distribution function over energy-space. In Fig. 5 we show the average electron velocity determined by calculating the first moment of the distribution function. Fig. 6 shows the concentration of electrons or holes generated per second from impact ionization throughout the device. Fig. 7 shows the I-V characteristics for a standard MOSFET, which are calculated directly from the distribution function without empirical mobility models. 
